An efficient technique based on the Fast Fourier Transform (FFT) for calculating . near-field scattering by dielectric objects in layered media is presented. A higher order method of moments technique is employed to solve the volume integral equation for the unknown induced volume current density. Afterwards, the scattered electric field can be easily computed at a regular rectangular grid on any horizontal plane using a 2-dimensional FFT. This approach provides significant speedup in the nearfield calculation in comparison to a straightforward numerical evaluation of thc radiation integral since it eliminates the very time-consuming computations of the dyadic Green's functions for layered media.
INTRODUCTION
When the forward solution of the scattering problem is employed in inversion schemes, the scattered field is often required to be calculated on a regular horizontal rectangular grid with a vast number of nodes. In the presence of layered media this task becomes extremely time-consuming since a straightforward numerical evaluation of the radiation integral invoives computations of the multilayer dyadic Green's functions. These computations can be significantly simplified if the distance between the observation point and the scattering object is large enough and consequently, the far-field asymptotic approximation can be utilized. Otherwise, the multiIayer Green's functions must be computed exactly for each pair of source and observation points, which takes a great amount of time even if fast methods such as the Discrete Complex Image Method (DCIM) or the model based parameter estimation technique are utilized.
Fortunately, the near-field computations on a rectangular grid can be extensively accelerated by application of the Fast Fourier Transform (FFT). This approach allows the nearfield to be computed simultaneously at all discrete values of x and y for a fixed value of z. Moreover, this representation has a transformation kernel in a simple closed form, which eliminates time-consuming calculations of the multilayer Green's functions.
In this paper the fast FFT near-field calculation is combined with the efficient higher order Method of Moments (MOM) solution for volume integral equations (VIE) for layered media [I] that is based on higher order hierarchical Legendre basis functions [2] and higher order geometry modeling.
Numerical examples for buried dielectric objects are presented to validate the fast FFT near-field calculation technique.
Throughout the paper the time factor eior is assumed and suppressed.
FFT NEAR-FIELD CALCULATION FOR

HIGHER-ORDER HIERARCHICAL MOM
In a layered medium the scattered electric field at the observation point { x, y, z ) in the i-th layer due'to the induced volume current density TI. ) immersed In the n-th layer can be expanded in terms of plane waves as 
V where = ik, + i k y -F 2kz . To accelerate the Fourier transformof J(F), an auxiliary 3-dimensional rectangular grid of the size N: x NI x N : is defined so that it completely encloses the object, as shown in Fig. 1. Then, each V , 4 , (v,w,u), or (w,u,v) , (4)
where E is the relative dielectric permittivity of the element, which generally can be a h c t i o n of ( U , U, w), and E~ is the relative dielectric permittivity of the background medium. Moreover, 3 denotes the Jacobian of the parametric transformation, P, (5) are Legendre polynomials, ainq are coefficients deter- provided that the object is confined to one layer. Thus, the time-consuming calculations of the exponential fkctions of the complex argument are reduced to the minimum, and the 3-D spatial Fourier ,Icy) in (1) needs to be computed only once. Then the field at different z = const planes can be calculated simply by a series of 2-D FFT's with the appropriate factor eriku* in (1).
--
It is worth noting that the kernel
NUMERICAL EXAMPLES
Consider a two-layer media, in which the upper halfspace is air, and the lower half-space is lossy with the relative permittivity g2 = 3.0-j0.l . A'low-contrast homogeneous dielectric cube of the size 0.2 x 0.2 x 0.24 with the relative permittivity E = 2.9 -j0.05 is buried, so that its center is located 0.24 below the interface. The y-polarized plane wave is normally incident from above. Eight cubic cells and the current expansion order M Q = 2 are used in the MOM solution. The scattered electric field along the line y = 0 for various heights above the interface is computed both by a straightforward numericaI integration of the radiation integral and by the presented F I T technique. The results plotted in Fig. 2 demonstrate an excellent agreement between these two methods. 
CoNCLUsroN
The fast FFT near-field calculation technique is com- 
